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Abstract 
Orthokeratology began in the 1960's. At first it was not reliable or reproducible. 
It is safer and more accurate with the use of better materials and manufacturing processes 
of today. Two modem modalities are compared. BE orthokeratology and CRT corneal 
refractive therapy. Both are proven ways to reduce myopia. 
Seven myopic optometry students were studied for four weeks. Each subject was 
fitted with CRT in one eye and BE in the other eye. Clinical findings were recorded one 
day, one week, two weeks, three weeks and four weeks after overnight wear. 
The average refractive error was -2.50 D. Thirteen ofthe fourteen eyes achieved 
20/20 or better after four weeks. The clinicians have confidence in both modalities to 
successfully treat low to moderate myopia. Practitioners with little experience can 
achieve superior results with their patients if they follow the instructions from BE and 
CRT. 
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Introduction 
The use of orthokeratology lenses for the reduction of myopia dates back to the 
1960's. One of the pioneers of orthokeratology, George Jessen, first attempted to change 
the refractive error of myopia using rigid contact lenses in a technique he termed 
"Orthofocus". In 1956 Robert Morrison conducted a study of 1,000 teenagers who wore 
PMMA lenses that were fit 1.50 to 2.50D flatter than their flattest corneal curvature. The 
results showed that there was no myopic progression over a two year period. He also 
found that the corneal curvatures had changed, refractive errors had decreased, and 
unaided visual acuites had improved in the myopic patients. 
The main problems with early orthokeratology is that the amount of myopia 
reduction was difficult to predict, visual acuities varied greatly during the course of 
treatment, and multiple lenses had to be used to achieve the desired effect. The early 
ortho-k lenses were designed with the peripheries that were flatter than the central base 
curve. Conventional rigid contact lenses were used and were fit as flat as possible, while 
still maintaining and acceptable fit. These flat-fitting lenses were often de-centering 
resulting in a distmted cornea and causing induced astigmatism. Early ortho-k lenses 
were made from PMMA which resulted in corneal edema, thus increasing the amount of 
corneal distortion. The early procedure was very slow and costly. It involved making 
very small incremental changes in lens design until the desired effect was achieved. The 
myopia reduction did not last long and wearers turned to occasional daily wear of the 
rigid lenses. Because PMMA is not a highly permeable material, they were not used for 
overnight wear. 
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Modem four-zone lenses have propelled otihokeratology to a very effective and 
predictable modality for the treatment of myopia. The four zone lenses include the 
following curves: base curve, reverse curve, alignment curve, and peripheral curve. The 
base curve is chosen 0.30 mm to 1.40 mm flatter than the flattest corneal curvature (flat 
"K"). The average size of the optical zone is 6.5 mm. The reverse curve is chosen 3.00 
to 5.00 diopters steeper than the base curve radius. This steep return zone allows for a 
negative pressure to develop which pulls the epithelial cells into the mid-periphery. The 
width of this retum zone varies from 0.6 mm to 1.00 rnm. The alignment curve is 
designed to be slightly flatter than flat 'K ', this give the peripheral bearing that is 
required for adequate centration. The peripheral curve is designed steeper to allow for an 
edge lift of 60 to 70 microns. 
With the innovation of the new reverse geometry lenses used in modern 
orthokeratology, practioners have a more accurate means of control and a more 
predictable outcome. These lenses provide a rapid decrease in myopia as well. The 
amount of myopia that can be changed today in 30 days, would have taken nine to twelve 
months in the 1960's. 
Many contact lens companies have joined the orthokeratology movement since 
the advent of reverse geometry lenses. Although there are many lenses that work and are 
being used today, there is only one lens that has been approved by the United States Food 
and Drug Administration for the overnight vvear with the purpose of myopia reduction. 
That lens is made by Paragon Vision Science and is called the CRT lens. CRT stands for 
Comeal Refractive Therapy. It has been approved for the following refractive error 
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parameters; between 0.50 and 6.00 diopers of myopia, and up to 1.75 diopters of 
astigmatism. Another lens that is awaiting FDA approval is the BE lens created by John 
Mountford out of Australia. The BE Design lens is the number one selling 
orthokeratology lens in the world. Both lenses have been proven effective in the 
reduction of myopia. 
We feel that despite their differences in design, and their differences in fitting 
procedure, both lenses are very effective in the overall goal of myopia reduction. 
Orthokeratology is a safe and fully reversible alternative to glasses, contact lenses and 
refractive surgery for low to moderate myopes. 
Methods: 
Seven subjects were enrolled in the study. The subjects were chosen from a pool 
of Optometry students. Requirement for the study include myopia no greater than -
4.00D, and astigmatism no greater than -1.75D in any meridian. We also required a 
negative history of ocular trauma, surgery, disease, and a healthy slit lamp examination 
that revealed the absence of corneal compromise, edema or infection. Each subject was 
required to be out of soft lenses for at least a week to allow the comea to return to its 
natural shape. Each student was retracted in order to obtain an accurate and current 
prescription that could be used as a target prescription. We then used their current 
prescrtiption and fit the subjects with each lens. We arbitrarily fit each subject with the 
BE lens on the right eye and the CRT lens on the left eye. The two lens modalities that 
we studied -BE and CRT- vary greatly in the fitting process of each lens. To design the 
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fit of each lens, we used the Medmont topographer to obtain topographical maps and flat 
K readings for each subject. 
The BE lens uses a sophisticated computer driven program to design the fit of the 
lens for each patient. The program requires a few readings in order to select the 
appropriate trial lens. Those readings required are; target refractive power, diameter of 
lens desired, eccentricity, and the "Ro" value. The BE program then uses these values to 
choose a diagnostic lens that is in the fitting set. We then instilled one drop of 
proparacaine anesthetic into each eye ofthe subject for initial comfort when fitting the 
lens. The BE lens was then inserted into the right eye of each subject, followed by a drop 
of flourescein to aid in seeing the quality of the fit of the lens. Analyzing the fit of the 
lens was done behind the slit lamp using a blue light and a Wratten filter. We analyzed 
the fit by looking at centration, applanation, and appropriate edge lift. With the 
appropriate lens, the subjects were asked to take the lens home and insert the lens before 
they went to bed. They were asked to return the next morning with the lens still in place. 
At this time, we looked at the fit of the lens before we removed it. We then used the 
Medmont topographer to obtain a topographical map ofthe changes that occurred over 
night. From the topographical printout we needed to decide if the desired effect was 
centered, or de-centered. If the lens was de-centered, it would create a smiley face-like 
corneal topography. A monocular refraction was done to check the residual lens power 
after one night of wear. Using the results of the 1-day topography and the residual lens 
power, we then entered the results into the BE fitting software. If the lens was centered 
and the residual lens power was within 0.50 D the program would tell us to order the 
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appropriate lens. If the lens was de-centered, the program may tell us to try another 
diagnostic lens. If a second diagnostic lens was used the previously described fitting 
approach was followed until an appropriate lens was found and could be ordered. 
The CRT lens is less complicated and based more on the practioners interpretation 
of the lens fit. Two values are needed for the fitting of the CRT lens, they are; target 
refractive error and flat 'K' . The flat 'K' is obtained from the Medmont topographer. 
These two values are used with the slide rule supplied by Paragon Vision Science to 
choose an appropriate diagnostic lens from the fitting set. The CRT fitting set is 
composed of 150 trial lenses that allow for incremental changes necessary for an 
appropriate lens fit. Once a diagnostic lens is chosen, proparacaine is instilled in the left 
eye and the lens placed on the cornea. A drop of flourescein dye is placed into the eye to 
allow for diagnosis of the fit. If the fit is appropriate, we then order the lens from 
Paragon. If the lens de-centers, we would steepen the landing zone to tighten the lens. In 
some instances, the applanation was not appropriate. In this case, the return zone could 
be made flatter or steeper depending on the extent of applanation. After the appropriate 
adjustments are made, the lens is then ordered from Paragon Vision Science. 
After one night of lens wear, the patient then returned to our clinic for a progress 
check. At the one day exam we checked the fit of the lens using flourescein stain and 
cobalt blur filter, unaided visual acuities, monocular over-refraction, topographical maps, 
and a subjective questionnaire. The Medmont topographer allows us to compare the 
original topography to the topography after one night of wear, it then display these maps 
and one more map called the difference map. The difference map shows the effect of the 
8 
lens on the eye after one night of wear. We used this map to gauge if the lens is centered 
or de-centered over the pupil. If the lens was centered, we would make the appropriate 
changes in the lens. De-centration of the BE lens requires the appropriate changes to be 
made into the computer, and a resultant lens would then be used. Visits were scheduled 
with each patient after one day of wear, one week, two weeks, three weeks, and four 
weeks of wear. At the end of four weeks, patients were given a questionnaire to 
subjectively give their impression of each lens. 
Results: 
The average target Rx for the right eye was -2.50 the average target Rx for the left 
eye was -2.54. The average over refraction over a four week period with five different 
sampling times was -0.08 OD and -0.01 OS. This difference is insignificant because the 
phoropter measures in 0.25 D steps. 
At the end of four weeks of wear 0% of the subjects were plano but average OR 
for OD was 0.32 and average OR for OS was 0.29. Again this difference is insignificant. 
The average pupil diameter was 4.6(light adapted), 6.4( dark adapted). 
The average horizontal treatment zone size (determined from topography) was 
5.77mm OD and 5.50mm OS. This is a difference of 4.7%. A larger treatment zone can 
decrease night glare and halos. 
The percent of patients that could see 20/20 or better at the end of four weeks was 
85.71% OD and 100% OS. This represents a difference between the two lenses of 
14.29%. It was only one patient that saw less than 20/20 OD (they saw 20/25 OD). 
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The average VA at four weeks was 20/19.3 OD and 20/17.1 OS. Both lenses 
averaged better than 20/20 vision after four weeks of wear. It took one week for the OS 
lens to average 20/20 vision and two weeks for the OD lens to average 20/20 vision. 
Over four weeks both lenses showed the same amount of adhesion (14.3%). Both 
lenses subjectively had an equal duration of effect (14 hours). 
Conclusion: 
Orthokeratology and Corneal Refractive Therapy works. 
There were a few differences between the two lenses. 
-On average CRT reached 20/20 one week faster than BE. 
-BE had on average a 4. 7% larger horizontal treatment zone after four weeks. 
-CRT is FDA approved. 
We have confidence in both modalities. We believe that a practitioner can be successful 
treating low to moderate myopia with either system. This study shows that practitioners 
with no experience fitting these lenses can have superior results on their patients. 
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Visual Acuity 
1 day 1 week 2week 3week 
Patient Name OD OS OD OS OD OS OD OS 
Dane Brist 40 70 20 20 15 20 15 15 
Melissa Bumbardner 20 20 40 15 30 20 40 20 
Dallin Heiner 25 25 10 10 15 15 20 20 
Eric Rogers 60 40 15 15 20 15 20 20 
Doug Stefanyk 25 20 15 15 20 15 20 15 
Rhett Veatter 20 25 30 15 20 20 20 20 
Shan Weaver 20 40 25 20 20 15 25 20 
Average VA 20/x 30 34.285714 22.14285714 15.71429 20 17.14286 22.85714286 18.57143 
Adhesion 
1 day 1 week 2week 3week 
Patient Name OD OS OD OS OD OS OD OS 
Dane Brist N N y y N N y y 
Melissa Bumbardner y y N N N N N N 
Dallin Heiner N N N N N N N N 
Eric Rogers N N N N N N N N 
Doug Stefanyk N N N N N N N N 
Rhett Veatter N N N N N N N N 
Shan Weaver N N N N N N N N 
%with Adhesion 14.29% 14.29% 14.29% 14.29% 0.00% 0.00% 14.29% 14.29% 
Hours of effect 
2 wk 4wk 
Patient Name OD OS OD OS 
Dane Brist 10 10 14 14 
Melissa Bumbardner 14 14 14 14 
Dallin Heiner 14 14 14 14 
Eric Rogers 14 14 14 14 
Doug Stefanyk 14 14 14 14 
Rhett Veatter 14 14 14 14 
Shan Weaver 14 14 14 14 
Average hours 13.42857143 13.428571 14 14 
4week 
OD OS 
20 20 
25 20 
15 15 
20 20 
15 15 
20 15 
20 15 
19.28571429 17.14286 
4week 
OD OS 
y N 
N N 
N N 
N N 
N N 
N N 
N N 
14.29% 0.00% 
Target Rx Over Rx. 1 day Over Rx. 1wk Over Rx 2wk 
Patient Name OD OS OD OS OD OS OD OS 
Dane Brist -1.5 -2 -1 .25 -2 0.5 0.5 -0.25 -0.25 
Melissa Bumbardner -2.5 -2.75 0.25 0.75 -1.25 0 -0.5 0.25 
Dallin Heiner -2.5 -2.5 -0.75 -0 .5 0.25 0.25 0.25 0.25 
Eric Rogers -3 -2.75 -1 .5 -1 .5 0.25 -0.25 -0.25 0.25 
Doug Stefanyk -2 .5 -1 .75 -0.75 -0 .5 0.5 0.75 0.5 1 
Rhett Veatter -3.75 -4 -1.5 -1 -0.75 0.25 -0.5 0 
Shon Weaver -1.75 -2 -0.25 -0.75 0.5 1 0.5 0.25 
Average -2.5 -2.535714 -0.821428571 -0.785714 0 0.357143 -0.035714286 0.25 
% at plano at 4 wk Pupil Diam 
Patient Name OD OS Patient Name OD OS 
Dane Brist 0.75 0.5 Dane Brist 5,7 5,7 
Melissa Bumbardner 0.25 -0.25 Melissa Bumbardner 4, 7 4,7 
Dallin Heiner 0.25 0.25 Dallin Heiner 5,6 5,6 
Eric Rogers 0.25 0.25 Eric Rogers 4,6 4,6 
Doug Stefanyk 0.5 0.5 Doug Stefanyk 5,6 5,6 
Rhett Veatter -0.5 0.25 Rhett Veatter 5,7 5,7 
Shan Weaver 0.75 0.5 Shon Weaver 4,6 4,6 
%at plano 0% 0% Average Diameter 4.6,6.4 4.6,6.4 
Horizontal Treatment Zone size % at 20/20 or better 
4week 4week 
Patient Name OD OS Patient Name OD OS 
Dane Brist 5.28 5.67 Dane Brist 20 20 
Melissa Bumbardner 6.17 5.06 Melissa Bumbardner 25 20 
Dallin Heiner 5.44 5.53 Dallin Heiner 15 15 
Eric Rogers 5.63 5.47 Eric Rogers 20 20 
Doug Stefanyk 6.37 6.11 Doug Stefanyk 15 15 
Rhett Veatter 5.72 5.7 Rhett Veatter 20 15 
Shan Weaver 5.78 4 .98 Shon Weaver 20 15 
Average in mm 5.77 5.5028571 % at 20/20 or better 85.71% 100% 
Over Rx 3wk Over Rx4wk 
OD OS OD OS 
0.25 -0.5 0.75 0.5 
0 -0.5 0.25 -0.25 
0.25 0.25 0.25 0.25 
0.25 0.25 0.25 0.25 
0 -0.5 0.5 0.5 
0 0 -0.5 0.25 
0.25 -0.25 0.75 0.5 
0.1 42857143 -0.178571 0.321428571 0.285714 
Resources: 
www. beretainer.com 
www. paragoncrt.com 
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